is a major unknown to those designing the soil nail systems because there are very few over 20 years old [3] .
Modeling and analysis
"PLAXIS version 8.2" is two-dimensional finite element code and is available commercially to conduct analysis of deformation and stability for a variety of geotechnical problems. The program can be castoff in plane strain as well as in axisymmetric modelling (Fig. 1) . The program can also be used to model slope-stability problems and uses a Phic reduction routine for calculating the factor of safety. With its advanced built-in soil models, it provides tools to simulate systems of real events:
• Change in geometry (excavation, fill placement)
• Change in soil properties (fill replacement).
Material parameters
The material parameters considered for the analysis of the soil are tabulated in Table 1 [4].
Calculation of axial stiffness (EA) and bending stiffness (EI)
For the grouted nails, equivalent modulus of elasticity E eq shall be determined accounting for the contribution of elastic stiffness of both grout cover as well as reinforcement bar [4] . From the fundamentals of strength of materials, E eq can be determined as
where: E g : modulus of elasticity of grout, E n : modulus of elasticity of nail, E eq : equivalent modulus of elasticity of grouted soil nail, A n : cross-section area of reinforcement bar, A g : cross-section area of grout cover, A: cross-section area of grouted soil nail, 
Case studies carried out
The following two cases are considered for Finite Element Analysis of the soil nail wall without water table are as shown below. Soil nails are placed horizontally i.e. Ѳ = 0° and at an inclination of Ѳ = 15° and the construction is carried out in stages at every increment of 20 %. Initially 2 m excavation is carried and followed by insertion of nails and facing, if stability is less, then the nail length is increased to achieve the factor of safety more than 1.5. Further another 2 m excavation is carried and the process is repeated until a depth of 10 m.
Case 1: soil without water table (WOW) having Ѳ = 0°I
n Fig. 2 , it can be seen that the length of the nail is increased at the final stage because the FS G decreases to 1.37 shown in Table 4 , which is below 1.5. As per FHWA the least recommended FS G should be 1.5 [5] . To provide global stability, the soil nail should spread beyond the potential failure surface. The length of nail has a major impact on the behavior of soil nail wall system. The resistance against pull-out failure of the soil nails is provided by the part of soil nail that is entrenched into the ground behind the potential failure surface [6] . igures 3, 4 and 5 represent the boundary conditions used in model for analyzing the dynamic behavior of the soil. At bottom total fixity is provided at sides horizontal fixity is provided since the soil is continuous in horizontal direction, the soil movement in vertical direction is allowed by curtailing it horizontally. Nail length of 7 m was sufficient to have ample excavation using soil nail wall by keeping the factor of safety above 1.5. When related to case 1 it is economical to provide nails at 15° inclinations then that of providing nails horizontally (Table 5) .
Results and discussions
Static analysis: This work is carried out to find the impact of angle of nail inclination for the construction of soil nail wall using "PLAXIS version 8.2" is two-dimensional finite element code is used to conduct analysis of deformation and stability. 4 Model with geometry, boundary condition and excavation stages where, E 1 , E 2 , E 3 , E n : indicates excavation stages. H: total height of excavation. D: soil height below excavation . W e : width of excavation. B e : horizontal distance from facing to the end of boundary For dynamic analysis: once the excavation is complete up to 10 m using soil nail wall a dynamic analysis is also carried by applying strong motion record of Upland earthquake (occurred during 20th Feb 1990 at 3.44 pm in South California)
Maximum shear force in nail
The soil mass and the movement of soil mass focuses on the soil nails to shear force in addition to axial forces [7] . The graph of maximum shear force verses the construction stages obtained is as shown below (Fig. 6) .
It is perceived that the maximum shear force for Ѳ = 0° inclination is less for WOW, whereas it is maximum for Ѳ = 15°. In WOW condition the maximum shear force value for Ѳ = 0° inclination is higher than Ѳ = 15° for 20 % construction stage and later it decrease by from 40 to 100 % construction stage.
Maximum bending moment in nail
The movement of soil mass and the soil mass subjects the soil nails to bending moment and shear force in addition to axial forces.
It is perceived from Fig. 7 , that the maximum bending moment occur for Ѳ = 15° whereas minimum bending moment occur in both cases for Ѳ = 0º. 
Static and dynamic analysis comparison
After 100 % accomplishment of construction stage dynamic analysis is carried out along with the static analysis. For both static and dynamic analysis, the maximum horizontal nail displacements and maximum axial force in each nail is intrigued (Fig. 8) . For dynamic analysis, strong motion record of Upland earthquake is used.
Maximum horizontal displacement in nails
The maximum displacement occurs at the top of the soil. From Fig. 9 , it is observed that the nails with Ѳ = 0° gives a lesser displacement than that of Ѳ = 15°, this is because that the nails length were increased in case of Ѳ = 0° so as to increase the global factor of safety. Also, the maximum displacement occurs at the top of the soil. Fig. 10 , shows the horizontal displacement of nail for dynamic condition, it is observed from the fig that nails at Ѳ = 0° gives a lesser displacement then Ѳ = 15° because of variation of nail length provided as the depth increases.
Maximum axial force in nails
From above figure, it is observed that axial force in the nail are maximum in dynamic condition compared to static. The values for both inclination of nails are approximately equal in both cases. The pattern of curve obtained for 0º is same in both static and dynamic condition while the value of axial force is maximum for dynamic condition compared to soil under static condition (Fig. 11) . Also the outline of curve is same for 15° nail inclination in both cases and maximum value under dynamic condition compared to static condition.
Conclusions
1. The length of nail has a major impact on the behavior of soil nail wall system. 2. Increase in nail length will increase the Global factor of safety (FS G ) to certain degree. 4. It can be seen that the displacement of wall for nail inclination at Ѳ = 0° is less than Ѳ = 15° up to a depth of 4 m. 5. The displacement increases for Ѳ = 0° from 4 to 10 m when compared to nails at Ѳ = 15°. Hence soil nails inclined at Ѳ = 0° is suitable for shallow depths. 6. It can be seen that the maximum displacement of the soil without water table condition should have lesser displacement. 7. It is also seen that there is not much different in the displacement since the nail length is increased to achieve the global factor of safety above 1.5. 8. The maximum displacement of wall is found at the top in both static and seismic circumstances. 
